Purpose: Short term results of on-pump and off-pump techniques in patients undergoing reoperative coronary artery bypass grafting (redo CABG) were investigated in this study. Methods: A total of 14.430 patients have undergone isolated coronary artery bypass grafting in our clinic from 1998 to 2010. Of these patients, 105 patients who have undergone redo CABG, 53 (50.5%) were operated with cardiopulmonary bypass (on-pump) and 52 (49.5%) without cardiopulmonary bypass (off-pump). Early results for which on or off-pump techniques were independent risk factors were determined with logistic regression analysis. Results: Overall mortality in patients undergoing redo CABG was 12.3% with a 11.5% mortality in the off-pump group and 13.2% mortality in the on-pump group and the dif- Conclusion: Despite the lower morbidity and mortality in the off-pump group, the rate of target vessel bypass grafting was lower. Off-pump technique may be considered as a safer option for cardiopulmonary bypass in the high risk population.
Introduction
Coronary artery reoperations carry two to five folds risk compared to first operations. In recent studies mortality rate in CABG is reported to vary between 4.2% and 11.4%. [1] [2] [3] Despite technical progress and increased surgical experience, suboptimal mortality and morbidity rates caused the development of alternative surgical procedures such as routine femoral vein and artery cannulation, application of single clamp technique to all anastomoses and off-pump technique. 4, 5) CABG surgery with off-pump technique decreases foreign surface/blood interaction and stroke rates are lower. Off-pump technique may be beneficial especially in patients with a high risk of atheromatous embolization during aortic cannulation. 4, 6) In the off-pump technique, compared to the on-pump technique, duration of hospital and intensive care unit stay durations are shorter, bleeding and subsequent revision rate is lower and new onset AFR is seen less frequently. But the most important disadvantage of the off-pump technique is the higher incomplete revascularization rate. In patients with high risk for cardiopulmonary bypass due to advanced age and organ failure in preoperative evaluation, off-pump technique may be useful. 7) Short term outcomes of on-pump and off-pump techniques were investigated in this study.
Matherial and Method

Study design
This study was conducted in our clinic between 1998 and 2010 with a retrospective cohort design.
Patient population
A total of 14.430 patients have undergone isolated coronary artery bypass grafting (CABG) at Kartal Kosuyolu Research and Training Hospital from 1998 to 2010. Of these patients, 105 have undergone redo CABG. 53 (50.5%) of these patients were operated with cardiopulmonary bypass (on-pump CABG) and 52 (49.5%) without cardiopulmonary bypass (off-pump CABG). All the information pertaining to the patients who were included in this retrospective cohot study was extraeted with a retrospective scan of hospital records. Patients on which concomittant procedures were performed were not included in the study. The two procedures were performed by different surgeons. The procedure to be performed (on-pump of off-pump) was determined according to the experience of the surgeon. Our major indications for off-pump redo CABG were left vetricular dysfunction (ejection fraction <30%), low vessel quality (vessel diameter ≤1 mm and diffuse distal disease), cases in which the ascending aorta was not suitable for proximal anastomosis or clamp (like porcelain ascending aorta) and cases with a high risk of postoperative organ (like kidney, lung) dysfunction. Mean age was 58.11 ± 8.11 (29-77) years in the on-pump group and 59.08 ± 9.51 (43-75) years in the off-pump group. Early period was defined as the time interval between the operation and discharge disregarding postoperative hospital stay duration and the study was limited to this interval.
Early period intraoperative and postoperative outcomes of patients undergoing off-pump or on-pump redo CABG were investigated. Also, conditions on which on-pump or off-pump methods were independent risk factors were determined by logistic regression analysis.
Definition of variables
Early mortality (hospital mortality) was defined as all deaths before discharge disregarding duration of hospitalization. The criterion for prolonged ventilation was accepted as mechanical ventilation support exceeding twenty four hours. Low cardiac output was defined as inotrope and/or intraaortic balloon pump requirement with postoperative clinical signs (e.g. acidosis and high lactate in blood gas analysis, high central venous pressure, peripheral cooling and faint pulse, cold, pale and sweaty skin). Prolonged hospitalization was defined as a hospital stay of 7 days or longer. For left ventricular (LV) functions, ejection fraction (EF) <30% was defined as severe LV dysfunction, EF 30%-50% as moderate LV dysfunction and EF >50% as normal LV function. Canadian Cardiovascular Society (CCS) symptom classification was used for the evaluation of pain. Perioperative myocardial infarction was defined as electrocrdiography changes and/or elevation of cardiac enzyme levels (elevation of CK-MB level more than 1/10 of total CK level and/or positive troponin). Arrythmia was defined as ventricular and/or atrial premature beats or extrasystoles without electrolyte imbalance, requiring anti-arrythmic medical treatment. Age was defined as <60 years, 60-70 years and ≥70 years; morbid obesity was defined as body mass index ≥40 kg/m 2 , hiperlipidemia as plasma low density lipoprotein level >130 mg/dl or cholesterol level >200 mg/dl, diabetes mellitus as fasting plasma glucose level >126 mg/dl, a blood glucose measurement >200 mg/dl anytime or active use of antidiabetic medication, hypertension as blood pressure >140/90 mmHg or active use of antihypertensive medication.
Surgical technique
Median sternotomy using pneumatic saw was performed in all patients. Adhesions were opened carefully with blunt and sharp dissection in order to preserve patent grafts. Firstly adhesions on the aorta and the right atrium were removed. In the on-pump group, the arterial cannula was placed in the ascending aorta in 43 patients and in the femoral artery in 10 patients whereas the venous cannula was placed in the right atrium in 48 patients and in the femoral vein in 5 patients. Myocardial preservation was achieved by antegrade cardioplegia in 39 patients, by a combination of antegrad and retrograde cardioplegia and izothermic blood cardioplegia in 14 patients. In the off-pump group, for a bloodless and comfortable anastomosis, cardiac stabilizers and/or stabilization with 4/0 propylene sutures were used. In the on-pump group the proximal anastomosis was made on the ascending aorta in 50 patients. In the off-pump group the proximal anastomosis was made on the ascending aorta in 29 patients, on then saphenous vein in 2 patients and on the internal mammarian artery in 1 patient.
Statistical analysis
SPSS (Statistical Package for Social Sciences) for Windows 15.0 was used in the statistical analysis of the data. Data was shown as mean ± standard deviation and number (percentage). In the comparison of quantitative data, Student t test was used in the intergroup comparison of variables presenting normal distribution and Mann Whitney U test was used n the intergroup comparison of variables not presenting normal distribution. Chi-Square and Fisher's Exact tests were used in the comparison of qualitative data. Significance was accepted as p <0.05. Also variables with p <0.1 were included in the logistic regression analysis to determine early period outcomes for which on-pump and off-pump methods were independent risk factors.
Results
Preoperative features
Preoperative features according to pump situation were given in (Table 1) . Morbid obesity was significantly higher in the off-pump group compared to the on-pump group (p <0.05). No statistically significant difference was found in other preoperative features between the groups (p >0.05).
Intraoperative results
The evaluation of intraoperative results was given in ( Table 2) . Of the 105 patients on which redo CABG was performed, 52 (49.5%) were operated with the off-pump technique and 53 (50.5%) were operated with the on-pump technique. In the on-pump group mean cardiopulmonary bypass (CPB) duration was 105.8 ± 24.1 minutes and mean cross-clamp duration was 67.2 ± 24.6 minutes. Incomplete vascularization was performed in 10 (18.9%) patients in the on-pump group and 21 (40.4%) patients in the off-pump group. Complete bypass ratio was significantly higher in the on-pump group compared to the off-pump group (p <0.05, OR: 2.913, 95% CI: 1.204-7.046). Single vessel coronary artery bypass grafting was performed in 45 (86.5%) patients in the offpump group and in 13 (24.6%) patients in the on-pump group. The number of vessels on which coronary artery bypass grafting was performed in the off-pump and on-pump groups was 2.17 ± 0.84 and 1.15 ± 0.41 respectively. Ratio of performance of bypass grafting on 2 or more target vessels was significantly higher in the on-pump group (p <0.001).
Early mortality, morbidity and complications
Postoperative early period outcomes of the patients and early results for which off-pump and on-pump methods were independent risk factors in the logistic regression analysis are presented in (Tables 2 and 3) . Early mortality was 13.2% in the on-pump group and 11.5% in the off-pump group. General mortality was 12.3%. There was no statistically significant difference between the two groups regarding mortality rates (p >0.05). Blood product transfusion requirement was significantly higher in the on-pump group compared to the off-pump group (p <0.05, OR: 3.620, 95% CI: 1.295-10.119). Postoperative new onset atrial fibrillation rhythm (AFR) rate was significantly higher in the on-pump group (p <0.05, OR: 13.357, 95% CI: 1.656-107.721). Prolonged ventilation (entubation exceeding 24 hours) was significantly higher in the on-pump group (p <0.05, OR: 9.066, 95% CI: 1.091-75.323). Number of patients with postoperative low cardiac output was significantly higher in the off-pump group (p <0.05, OR: 5.337, 95% CI: 1.094-26.043). Mean duration of hospitalization was 9.4 ± 3.7 days in the on-pump group and 7.1 ± 1.7 days in the off-pump group it was significantly higher in the on-pump group (p <0.01, OR: 5.252, 95% CI: 1.784-15.459). Also the number of patients requiring inotropic treatment was significantly higher in the of-pump group (p <0.05, OR: 3.374, 95% CI: 1.116-10.196).
Discussion
In this study, on-pump technique was determined as an independent risk factor for duration of hospitalization, prolonged ventilation, blood product transfusion and postoperative new onset AFR in the early period. Redo CABG with off-pump technique was determined as an independent risk factor for inotropic support Although increase in surgical experience and advances in anaesthesia and myocardial preservation techniques have progressively diminished the risk of coronary bypass reoperation, 8) mortality is reported to vary between 1.8% and 16.7%. 2, 9) The high risk in reoperation can be ascribed to the higher risk profiles of reoperative CABG patients and technical difficulty of reoperative CABG. 10) In recent years off-pump technique has been advocated as beneficial in avoiding the cerebral and hemodymanic effects of cardiopulmonary bypass and in decreasing mortality and morbidity by refraining from the complications of surgical procedures such as cardioplegia and aortic or femoral cannulation. 6, 11) Off-pump procedure decreases bleeding and blood transfusion requirement by eliminating adverse effects of CPB and because of minimal dissection. 12) Therefore in patients operated with CPB, risk of surgical reexplorationr due to bleeding is higher. 12) Although in this study rate of revision due to bleeding and graft thrombosis was higher in the on-pump group, the difference was not statistically significant (p >0.05). But blood and blood product requirement was significantly higher in the on-pump group (on-pump 32.1% and off-pump 11.5%, p <0.05).
In some studies new onset AFR incidence was reported as two-fold after on-pump CABG surgery. 4, 11, 13) In one study it was proposed that the lower incidence of new onset AFR after off-pump redo CABG may be attributed to less atrium manipulation, absence of CPB and cardioplegic solution and less surgical trauma. 7, 14) In our study, new onset AFR incidence was 2% in the off-pump group and 20.8% in the on-pump group. New onset AFR incidence was significantly lower in the off-pump group (p <0.05).
In most studies, hospital mortality was reported to be lower in patients undergoing off-pump redo CABG, statistically significant or not. 6, 7, 11, 12, 15) In this study hospital mortality was 11.5% (6 patients) in the off pump group and 13.2% (7 patients) in the on-pump group and the difference was not statistically significant (p >0.05).
As in primary CABG, the main goal in redo CABG is the achievement of complete revascularization. But complete vascularization may not be possible owing to the high risk profile of the patients and technical difficulties. 8, 16) In most studies, incomplete revascularization is reported to be higher in off-pump CABG 17, 18) and in some studies it was determined as an independent risk factor for mortality. 2) In this study complete revascularization ratio was 59.6% in the off-pump group whereas it was 81.1% in the on pump group. Complete revascularization ratio was significantly lower in the off-pump group (p <0.05). Although we do not have medium and long term results we believe that recurrent angina incidence will be higher in incomplere revascularization and quality of life of the patients will be diminished, as indicated by Czerny, et al. 18) in their medium term redo off-pump CABG results. As Kirali, et al. 19) report, we believe that the revascularization of the left anterior descending artery is the primary factor in long term survival and for a problem-free life. Thus in high risk profile cases, following the reperfusion of the left ventricular wall using the off-pump technique with IMA or other arterial options, revascularization can be completed in the same or second session with percutaneous coronary intervention. A study by Yavuz, et al. 20) supports our opinion. Interestingly inotrope requirement and low cardiac output incidence was higher in the off-pump group. We think this situation is caused by the higher rate of incomplete revascularization in the off-pump group.
Limitations of the Study
Because our reoperation indications are limited owing to clinic protocols, our patient population was smaller compared to other studies in the literature and we did not have medium or long term outcomes.
Conclusion
According to our short term results, mortality and morbidity rates were lower in the off-pump group but incomplete revascularization rate was higher. In our opinion, off-pump technique and hybrid revascularization may be beneficial in cases with high risk for cardiopulmonary bypass and on-pump technique may be beneficial in patients with a low risk profile.
